Abstract-Dielectric materials with tunable permittivity are highly desired in wireless communication, radar technology and intellectual technology. However, the tunability of the dielectric properties in microwave and higher frequency range is a great challenge for conventional materials. Here, we demonstrate a giant magnetodielectric effect at GHz region in a metamaterial based on ferrite unit cells. The effect is derived from a coupling of ferromagnetic resonance and Mie resonance in ferrite unit cells. Both simulated and experimental results show that the effective permittivity of the metamaterial can be tuned by the applied magnetic field, and a giant magnetodielectric effect, [ε'(H) -ε'(0)]/ε'(0) = 15000 % at 11.284 GHz, has been obtained. This mechanism supports a great potential of constructing microwave dielectrics with large tunable range and tailoring space via a metamaterial route. provide.
With the increasing development in wireless communication and radar technology, microwave dielectrics with tunable permittivity are highly desired as key materials in phase shifters, switches, reconfigurable antenna, and other tunable devices [1] . However, it is a great challenge to obtain dielectric materials with large tunability in microwave and higher frequency. Electrical tunable ferroelectric dielectrics, such as barium strontium titanate (BST), are well studied candidate for this purpose [2] . However, main limitations for this mechanism are low tunability scale and high driven power, only thin film were available for potential application. Metamaterials are a class of artificial materials in which subwavelength features, rather than the constituent materials, control the macroscopic electromagnetic properties8, which opens a way to design material with more freedom. Recently, Mie resonance-based metamaterials with unusual electromagnetic properties have been theoretically and experimentally studied [3, 4] . The permittivity of dielectric metamaterial was only dependent on electromagnetic parameters (ε and μ) and geometry of dielectric unit cell and their lattice arrangement.
Here, we demonstrate a giant MD effect at GHz region in a dielectric metamaterials based on the coupling of Mie resonance and ferromagnetic resonance of ferrite. In the metamaterial, ferrite rods are used as the unit cells to generate Mie resonance, as shown in Fig. 1 . By interacting with the magnetic field of an electromagnetic wave, the ferromagnetic resonance can take place in the ferrite with applied magnetic field. The effective permeability for the ferrite under an applied magnetic field is changed, which induced a large modulation of the permittivity of the metamaterials. The numerical and experimental result are as shown in Fig.2 , It is shown that the magnetic field dramatically changed the effective permeability of the metamaterial. This giant magnetodielectric effect makes the metamaterial suitable for applications in some key device in wireless communication and radar technology. 
